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RESUMO

Alteragdes no DNA podem ser observadas através do teste do microndcleo, uma importante
ferramenta de biomonitoramento genotdxico. Este estudo utilizou células esfoliadas da mucosa
bucal para avaliar in vivo portadores ou ndo do virus da Imunodeficiéncia Humana (HIV) e que
fazem uso de terapia antirretroviral (TARV), e as possiveis alteracdes no DNA. Em relacdo
aos portadores de HIV, o estudo envolveu 39 criangas e adolescentes, com idade de 0 a 19 anos,
em estudo comparativo (ou transversal), duplo-cego. Um total de 20 criangas portadoras de HIV
em uso de terapia antirretroviral (TARV), e 19 criangas e adolescentes do grupo controle,
pareados em relacdo ao sexo e idade foram inclusos. No estudo envolvendo adultos, foram
examinados 37 individuos, sendo 17 do grupo profilaxia pré exposicdo (PrEP), que faziam uso
de TARV, porém ndo eram portadores do virus HIV, e 20 individuos do grupo controle,
pareados por idade, sexo e habitos, em estudo comparativo, duplo-cego. Os resultados
demonstraram que no grupo HIV, as frequéncias de micronicleos (MN) (p=0,05), células
binucleadas (p=0,001) e, brotos nucleares (p=0,03); apresentaram aumentos em relacdo ao
grupo controle. Nos parametros de citotoxicidade, houve aumento com diferenga estatistica na
frequéncia de cariorrexe (p=0,05). Com relagdo ao grupo PrEP, os parametros de
mutagenicidade também estavam aumentados, com diferenca estatistica significativa para as
frequéncias de micronucleos (p=0,0001); células binucleadas (p=0,001); e brotos nucleares
(p=0,078). Nos parametros de citotoxicidade, houve aumento com diferenca estatistica na
frequéncia de cariorrexe (p=0,001). Adicionalmente, foi realizado o indice de sistema de reparo,
representado pela formula (CL+CR)/(MN+NB), onde ambos grupos de estudo apresentaram
menor capacidade de reparo em relacdo ao grupo controle. Em suma, o uso continuo destes
antirretrovirais induzem danos citogenéticos e de citotoxicidade em células de mucosa oral nos

individuos portadores independente da presenga do virus HIV.

Palavras-Chave: AIDS; HIV; microntcleo; genotoxicidade; mutagenidade; sistema de reparo

de DNA.
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ABSTRACT

DNA alterations can be observed using the micronucleus test, an important genotoxic
biomonitoring tool. This study used exfoliated cells from the buccal mucosa to assess in vivo
whether or not people with the Human Immunodeficiency Virus (HIV) and those taking
antiretroviral therapy (ART), and the possible alterations to their DNA. With regard to HIV
carriers, the study involved 39 children and adolescents aged between 0 and 19 in a comparative
(or cross-sectional), double-blind study. A total of 20 HIV-positive children taking antiretroviral
therapy (ART) and 19 children and adolescents from the control group, matched for sex and age,
were included. In the study involving adults, 37 individuals were examined, 17 of whom were in
the pre-exposure prophylaxis (PrEP) group, who were using ART but did not have HIV, and 20
individuals in the control group, matched for age, sex and habits, in a comparative, double-blind
study. The results showed that in the HIV group, the frequencies of micronuclei (MN) (p=0.05),
binucleated cells (p=0.001) and nuclear sprouts (p=0.03) were higher than in the control group. In
terms of cytotoxicity parameters, there was a statistically significant increase in the frequency of
karyorrhoea (p=0.05). With regard to the PrEP group, the mutagenicity parameters were also
increased, with a statistically significant difference for the frequencies of micronuclei (p=0.0001);
binucleated cells (p=0.001); and nuclear sprouts (p=0.078). In terms of cytotoxicity parameters,
there was a statistically significant increase in the frequency of karyorrhoea (p=0.001). In addition,
the repair system index was analysed, represented by the formula (CL+CR)/(MN+NB), where both
study groups showed lower repair capacity compared to the control group. In short, the continuous
use of these antiretroviral drugs induces cytogenetic damage and cytotoxicity in oral mucosa cells

in HIV-positive and non-HIV-positive individuals.

Translated with www.DeepL.com/Translator (free version).

Keywords: AIDS; HIV; micronucleus; genotoxicity; mutagenicity; DNA repair system.
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CAPITULO 1




1.1 CONSIDERACOES GERAIS

Ha 40 anos, convivemos com o virus da imunodeficiéncia humana (HIV). Desde entéo,
cerca de 85,6 milhdes de pessoas foram infectadas mundialmente pelo HIV, cuja predilecao
pelas células do sistema imunoldgico, induz a AIDS, sindrome da imunodeficiéncia humana,
responsavel pela morte de 40,4 milhdes de pessoas desde o inicio da epidemia (UNAIDS, 2023).
Muito estudado, sem cura e sem vacina, a infeccdo atualmente possui tratamento considerado
cronico, diferentemente do inicio, quando seu diagnéstico, era uma sentenga de morte (Brasil,
2018a, Blanco, 2017). A estigmatizacdo da doenca infelizmente nido teve muito progresso,
inicialmente chamada da doencga dos SH, por estar mais presente em determinados grupos, tais
como: homossexuais, hemofilicos, haitianos, heroindmanos (usudrios de heroina injetavel) e
hookers (denominacdo em inglés para as profissionais do sexo); esses grupos ainda
permanecem sob discriminac¢do social (Brasil, 2018a). Em adultos, e ainda mais marcante em
criangas e adolescentes, o preconceito, exclusdo, medo do abandono estdo presentes por toda a
vida do individuo. O siléncio imposto em torno da doencga dificulta o entendimento, a
compreensdo, € consequentemente a adesdo ao tratamento, especialmente em criangas e
adolescentes (Borges, 2015; Brasil, 2018b).

Segundo a UNAIDS (Joint United Nations Program on HIV/AIDS), programa das
Nagdes Unidas, criado em 1996, a fim de ajudar e criar solu¢cdes no combate a AIDS, no ano
de 2022, 39 milhdes de pessoas eram portadores do virus HIV, e destes, 1,5 milhdes eram
criangas (0 a 14 anos), com 130 mil novas infec¢des em 2022 (UNAIDS, 2023).

O relatério mais recente publicado pela UNAIDS, em 2023, indica que apenas 57%
destas criancas infectadas estavam em tratamento, € que como consequéncia da pandemia
ocasionada pela Covid-19, o nimero total diminuiu pela primeira vez na histéria em 2021,
apresentando leve melhora em 2022. Estima-se que aproximadamente, um ter¢o dos bebés
nascidos de maes portadoras de HIV ndo foram testados. A quantidade de meninas adolescentes
e mulheres jovens que adquiriram HIV (especialmente na Africa) foi em torno de 200 mil
individuos. O fechamento das escolas, servicos de educacdo e saude reprodutiva evidenciaram
a urgéncia de reforcar a prevencdo ao HIV, no que tange a vulnerabilidade e negligéncia que
cercam especialmente o grupo infanto-juvenil.

Apesar de todos os esforcos, o tratamento infantil estd em defasagem em relagdo aos
adultos, ou seja, 40% das criangas tem menor probabilidade de receber tratamento, e apesar de
representarem 4% da populacdo contaminada, sdo responsdveis por 15% das mortes

relacionadas a AIDS. A situagd@o é mais critica na Africa, onde se encontram 80% das criancas



infectadas com o virus (UNAIDS, 2022b).

No Brasil, desde o inicio da pandemia, foram notificados mais de 1 milhao de casos na
populacdo em geral, e 371.744 6bitos por AIDS. Hoje, tanto as infeccdes pelo HIV quanto a
AIDS fazem parte da Lista Nacional de Notificacdo Compulséria de Doengas (Portaria de
Consolidacdo n° 4, de 28 de setembro de 2017). A AIDS ¢ de notificagdo compulsoria desde
1986, porém as gestantes foram incluidas apenas em 2000, e a infeccdo pelo HIV,
assintomdtica, somente em 2014. A partir desse momento, foram notificadas 149.591 gestantes,
sendo 8.323 somente no ano de 2021. Em 2021, foram registrados 35.246 casos de AIDS, na
propor¢do de 25 homens para cada 10 mulheres. Foram diagnosticados 40.880 novas infec¢oes
por HIV em 2021 (Brasil, 2022).

Desde o inicio da epidemia, mais de 47,5 mil criancas de 0 a 19 anos foram
diagnosticadas; a idade de 0 a 5 anos foi considerada referéncia para avaliar a transmissao
vertical, que ocorre quando a mae transmite HIV ao filho, com queda de 47,2% desde 2009.
Ainda assim, € responsavel por 85,4% das contaminacdes de criancas até 13 anos. A partir desta
idade, a principal via de contaminacdo € a sexual. Nos dltimos dois anos os casos de AIDS em
criancas se manteve estdvel. Os casos de jovens contaminados, de 15 a 24 anos, representaram
23,7% nos ultimos dois anos, € no periodo de 2011 a 2021, 52.513 pessoas desenvolveram
AIDS, evidenciando a importancia de politicas publicas constantes de esclarecimento, acesso e
adesdo a TARV. A taxa de mortalidade de pessoas contaminadas, teve decréscimo de 26,4%
entre 2014 e 2021, fato atribuido a TARV. (Brasil, 2021; 2022)

A infeccdo em criancas sem tratamento apresenta didaticamente trés padrdes: rdpida,
que ocorre em 20 a 30% dos casos com quadros graves e risco de morte antes dos 4 anos de
idade; normal, que atinge a maioria dos infectados (70 a 80%), com tempo médio de 10 anos
de sobrevida; e lenta (menos de 5%) com contagens normais de linfécitos CD4 (Tobin &
Aldrovandi, 2013; Pinto Neto et al., 2021).

Os processos patogénicos relacionados ao envelhecimento precoce descritos em adultos
soropositivos estao se repetindo em criangas. A exposicao continua ao HIV e o uso prolongado
e cronico da TARV, apresentam impacto na longevidade e qualidade de vida dos individuos

infectados (Pathai et al., 2014; Guaraldi & 2017).

Nos tdltimos anos, tem sido observado que a ativagdo imunoldgica cronica, o aumento
da renovacao celular e senescéncia imunoldgica acelerada, podem levar a alteracdes no DNA
(Singh et al., 2017; Chiappini et al., 2018; Katumba et al., 2020). Muta¢des sdo objeto de estudo
de alguns autores, e seja em testes em animais (Olivero, 2008; Olivero et al., 2013) ou seres
humanos (Witt et al., 2007; Moraes Filho et al., 2016; Lima et al., 2017, Gutierrez-Sevilla et

al., 2021), individuos com HIV que fazem uso da TARV tém apresentado maiores indices de



instabilidade gendmica nos distintos testes biolégicos que cumprem essa finalidade.

1.2 VIRUS HIV

O virus HIV pertence a familia Retroviridae, género Lentivirus, sendo o responsavel
pela AIDS (Barré-Sinoussi, 1996). Conforme representado na Figura 1, este virus
estruturalmente possui forma esférica, com cerca de 100nm de diametro, apresenta um envelope
composto por uma bicamada lipidica, origindria da membrana celular da célula hospedeira,
responsavel por expressar as glicoproteinas capazes de permitir a entrada do virus na célula.
Possui um capsideo viral proteico, e trés enzimas virais: transcriptase reversa; integrase; €

protease (Barré-Sinoussi, 1996).

Foram identificados dois tipos, o HIV-1 e HIV-2, este, endémico na Africa Ocidental, e
menos virulento, ja o HIV-1 tem distribuicio mundial, considerado responsével pela pandemia
do HIV (da Rosa, 2016).

As formas mais conhecidas de contdgio sdo as relagdes sexuais (vaginal, oral e anal), o
uso de seringas (ou agulhas) contaminadas, transfusdes de sangue, lesdes com instrumentos
perfurocortantes contaminados e durante a gravidez (na gestacdo, parto € na amamentagdo). O
virus HIV infecta células com receptores especificos, a caracteristica mais marcante da infec¢ao
¢ a deplecdo seletiva de linfécitos T auxiliares CD4+. Entretanto, o virus também infecta
mondcitos, macrofagos, células da micréglia do sistema nervoso central, células de Langerhans,
dentre outras (Pecanha 2002; da Rosa, 2016), alterando o material genético da célula

hospedeira, com progressiva perda da funcao do sistema imune (Appay & Sause, 2008).
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Figura 1. Morfologia do virus HIV. Adaptado de Ellegard, 2018.

1.3 CICLO DE REPLICACAO DO HIV

A infeccdo tem inicio com a ligagc@o da capsula da particula viral a receptores especificos
na superficie da célula alvo, através da glicoproteina viral gp120 e quimiocinas. Apds a ligacao
a membrana celular, as proteinas passam por modificacdes conformacionais que promovem a
fusdo virus-célula, permitindo a entrada do capsideo (Lu e Kim, 1997; Deen et al., 1998). O
capsideo do virion é entdo desencapado liberando o RNA e as enzimas virais no citoplasma
(Frankel e Young, 1998). A enzima viral transcriptase reversa (TR) promove a sintese de uma
copia de DNA de fita dupla, esse complexo nucleoproteico € rapidamente transportado para o
nucleo da célula hospedeira (Cohen et al., 1996). Outra enzima viral, integrase (IN), promove
a integragdo estavel do DNA viral ao DNA celular, estabelecendo um pré-virus e completando
assim a fase pré-integrativa (Katz e Skalka, 1994). Uma vez que o pré-virus € integrado ao
DNA hospedeiro, comporta-se como um gene residente. Segue-se um periodo de laténcia, e
entdo, ocorre ativacdo dos genes virais, que promoverdo a produ¢dao de RNA gendmico viral e
RNA mensageiro viral (Vaishnav e Wong-Staal, 1991). O conjunto de RNAs transcritos sao
entdo transportados para o citoplasma; o RNAm utilizard os ribossomos da célula hospedeira

para produzir mais proteinas virais, que serdo clivadas pela



enzima protease formando os compostos necessdrios para novas particulas virais, juntamente
com o RNA gendmico (Hope, 1999).

Os virions sdo inicialmente montados préximo a membrana celular (que fard parte da
capsula viral) na forma de particulas imaturas compostas de um envelope glicoprotéico, RNA
gendmico e poliproteinas virais. Durante ou apds o “brotamento”, as particulas virais passam
por uma modificagdo morfoldgica conhecida como maturag@o, que consiste na producao de
enzimas e proteinas estruturais do capsideo (Gonda et al., 1985). O processamento das
poliproteinas no virion completa o ciclo de replicacdo do HIV, que sdo entdo capazes de infectar
uma célula, especialmente um linfécito adjacente (Pecanha et al., 2002). A Figura 2 representa

o ciclo de reprodugdo do HIV e suas fases.

Ciclo Replicacio HIV

l 1.Ligacio

7. Brotamento

AN
= ' v e

Figura 2. Ciclo de replicacao do HIV: 1. Ligacdo do virus a célula; 2. Fusao liberando material
viral; 3. Enzima transcriptase reversa (DNA proviral); 4. Enzima Integrase (no niicleo celular,
integracido ao genoma do hospedeiro); 5. Enzima protesase; 6. Montagem de nova particula; 7.
Brotamento; 8. Maturacao. Adaptado de
https://handsonscientist.files.wordpress.com/2021/03/life-cycle-800_hiv.jpg?w=768, 2022



1.4 A TERAPIA ANTIRRETROVIRAL (TARYV)

Os medicamentos antirretrovirais sao classificados de acordo ao seu mecanismo de ag¢ao,
correspondendo atualmente a mais de 25 medicamentos divididos em seis classes: inibidores
nucleosideos da transcriptase reversa, inibidores nao nucleosideos da transcriptase reversa,
inibidores de protease, inibidores de fusdo, inibidores da integrase, e inibidores de entrada. Os
medicamentos disponiveis no Brasil, segundo sua classe, estdo apresentados na Tabela 1.
Segundo as diretrizes atuais do Ministério da Sadde, sdo necessdrios pelo menos trés

antirretrovirais combinados, sendo dois medicamentos de classes distintas (Brasil, 2018b).

Tabela 1. Classificagdo dos medicamentos antirretrovirais de acordo ao seu mecanismo de a¢cdo. Medicamentos
que foram utilizados pelos participantes neste estudo (*)

Inibidores nucleosideos da transcriptase Abacavir
reversa Biovir*
Didanosina
Lamivudina*
Tenofovir*
Zidovudina*

Inibidores nao nucleosideos da Efavirenz*
transcriptase reversa Nevirapina*
Etravirina

Inibidores de protease Atazanavir*
Darunavir*
Fosamprenavir
Lopinavir*
Nelfinavir
Ritonavir*
Saquinavir
Tipranavir

Inibidores de fusao Enfuvirtida

Inibidores da integrase Dolutegravir*
Raltegravir*

Inibidores de entrada Maraviroc

E importante salientar que a terapia medicamentosa ndo erradica a infec¢do, porém visa
manter a supressao maxima e sustentada da replicacio viral, preservando e/ou restaurando o
sistema imune, a fim de retardar a progressao da doenca e manter o desenvolvimento normal
do organismo (Brasil, 2018b). A TARV tem demonstrado reducdo da mortalidade, aumento
significativo da sobrevida, melhoria na qualidade de vida, obtendo a supressdo da carga viral
em muitos casos, o que diminui a chance de transmissdo, além de prevenir a transmissao

vertical em todo o mundo (Nance et al., 2018; Portilla-Tamarit et al., 2021).



Em 2004, um estudo relatou que apenas 26% das criangas obtiveram supressao viral
completa com 72 semanas de TARV (Aboulker et al., 2004), contrastando com o percentual
observado por Gulick et al. (2004) cuja remissdao em adultos foi de 89%, apds 48 semanas de
TARV. No mesmo estudo, os autores demonstraram um percentual de 30% de resisténcia do
HIV a TARYV, devido a sele¢dao de mutagdes do virus em criangas, acarretando falha viroldgica,
salientando a importancia do inicio precoce e continua da TARV nesses individuos (Aboulker

et al.,2004).

Na Europa e Estados Unidos, a taxa de mortalidade infantil apresentou uma queda entre
80 a 90% apds a introdugdo da TARV. Mesmo sendo considerada uma doenga cronica,
estima-se que a sobrevida destas criancas seja 30 vezes menor do que uma crianca sauddvel
(Chiappini et al, 2018). Distarbios metabodlicos, neuroldgicos, cardiovasculares, renais e cincer,
sdo complicagdes ndo relacionadas a AIDS, entretanto tais enfermidades parecem estar
relacionadas ao conjunto de condi¢des de envelhecimento mediados pelo HIV, ou mesmo pelo
processo imune inflamatério persistente, ainda que em tratamento (Deeks & Phillips 2009;

Guaraldi & Palella 2017).

O alto risco de mortalidade de criangas com HIV no primeiro ano de vida, levou o Brasil,
em 2009, a recomendacdo de iniciar o tratamento em todas criancas menores de 12 anos,
independentemente da sintomatologia ou parametros laboratoriais. Em 2010, a OMS também
adotou a TARYV para todos infectados menores de 24 meses (Bazin et al., 2014). Implementado
em 2013, no Brasil, o “Tratamento para todos” incluiu a terapia medicamentosa independente
do estadiamento da doenca. Nos ultimos 7 anos, houve redugdo de 56% de infec¢des de HIV
em bebés expostos infectados pelo HIV, apos 18 meses de acompanhamento (Brasil, 2018c).
No caso de gestantes soropositivas, quando orientadas e com boa adesdo ao tratamento durante
o pré-natal, o parto e a amamentagao, o risco de transmissdo vertical do HIV foi reduzido para
menos de 2%. (Tubiana et al.2010; Townsend et al., 2014). A transmissao de cepas do HIV
resistentes a uma ou mais classes de drogas, esta relacionado a maior chance de falha a TARV,
portanto a genotipagem ¢ prioridade (Brasil, 2021). A primeira escolha, segundo as diretrizes
nacionais atuais para gestantes, € lamivudina e tenofovir (ou zidovudina ou abacavir), associado

ao dolutegravir ou outras combinagdes (raltegravir, ritonavir, efavirenz).



Em 2018, a OMS restringiu o uso de dolutegravir para gestantes por possivel associacao
com defeitos no tubo neural, entretanto estudos posteriores também avaliando o uso de
efavirenz niao tem demostrado tal correlacdo (Zash et al. 2019, Pereira et al., 2021). Outros
estudos t€m relacionado microcefalia e alteragdes cognitivas em criancas cujas maes fizeram
uso de efavirenz durante a gestacdo, a partir dai este medicamento € prescrito em casos
selecionados (Williams et al., 2020). Segundo o Registro Antirretrovirais na Gesta¢io
(www.apregistry.com), com dados de toda Gra-Bretanha e Irlanda, criancas expostas a diversas

TARYV ndo demonstraram taxas de malformacdes congénitas alteradas (Brasil, 2021).

Cumpre ressaltar que a celeridade no diagndstico é fundamental para dar inicio ao
tratamento. Nos bebés, anticorpos maternos podem permanecer por cerca de 18 meses.
Portanto, deve ser realizado o teste molecular para quantificar a carga viral do HIV, assim como
0 exame qualitativo para detec¢do material genético do virus (DNA proviral) (Brasil, 2018d;

HHS, 2020).

A profilaxia deve ser feita em todos os casos quando a mae € soropositiva, de preferéncia
nas primeiras 4 horas de vida. A TARYV varia de acordo ao risco, ou seja, alto quando a mae
apresenta carga viral detectdvel, e baixo quando indetectiavel. Os bebés sdo testados no
nascimento e aos 2 meses de idade, a crianca € considerada infectada com dois resultados de
exames de carga viral acima de 5.000 copias/ml, ou um exame de DNA pro viral positivo,
coletados 2 semanas apds a profilaxia (Brasil, 2018d). A TARYV serd guiada pelo exame de
genotipagem. Acima de 18 meses, o diagndstico segue o fluxo da populacao em geral, realizado
por meio de pelo menos dois testes rapidos (imunoensaio simples) com diferentes reagentes,
em caso positivo, é feita a coleta para o imunoensaio laboratorial, ELISA (do inglé€s enzyme-
linked immunosorbent assay), € caso positivo, segue para confirmagdo por meio do teste
complementar de Western Blot (eletroforese), seguidos pela quantificacdo da carga viral, que
representa o primeiro teste de monitoramento (Brasil, 2016). Criancas que receberam
aleitamento materno, sdo orientadas a suspender imediatamente, realizar o exame de carga viral
e sdo submetidas a profilaxia pds exposi¢cdo, € novos exames sao coletados duas e seis semanas
apo6s o inicio da medicagao. Todos os bebés expostos devem fazer testes até os 18 meses para

saber sua sorologia (Brasil, 2018d).

Segundo o protocolo brasileiro, recém-nascidos expostos, aqueles nascidos de maes
soropositivas, recebiam zidovudina via oral nas primeiras 4 horas de vida e quando a mae
apresentava alta carga viral (alto risco), ou esta é desconhecida, a nevirapina também ¢&

fornecida. Tal protocolo foi alterado em 2021 a fim de se obter melhor eficacia, e hoje sdo



fornecidos 3 medicamentos, a zidovudina, lamivudina e raltegravir, exceto para criancas com
idade gestacional abaixo de 34 semanas, quando apenas a zidovudina é administrada. A
profilaxia dura 4 semanas, entdo € feito novo exame. Além disso, devido ao alto risco de
pneumonia por Pneumocystis jiroveci, em criancas infectadas pelo HIV, com alto indice de
mortalidade, todas as criancas expostas recebem profilaxia com o antibidtico sulfametoxazol-
trimetoprima a partir de quatro semanas de vida, até que tenham dois exames de carga viral

indetectaveis (Brasil, 2021).

Como exposto acima, o tratamento infantil é ainda considerado desafiador tanto pela
variacdo de peso, farmacocinética antirretroviral, resisténcia a8 TARV pela exposi¢cdo prévia
como parte da prevencdo a transmissao vertical, assim como pela dificuldade da adesdo ao
tratamento seja pela palatabilidade das drogas como a dependéncia de cuidadores nas criancas
mais novas e, finalmente a estigmatizacdo especialmente na fase de adolescéncia. Estes fatores
dificultam o acompanhamento a longo prazo para este publico que é submetido a TARV desde
a vida intrauterina e se infectado, necessitara manté-la durante toda sua vida (Havens 2007;

Sigaloff 2011; Boerma et al., 2016; Ankunda et al., 2020).

1.5 O PAPEL DA TARV NA PREVENCAO AO HIV

Em 1998 Tsai et al., estudaram o uso do antirretroviral tenofovir em macacos (Macaca
fascicularis) inoculados com o virus da imunodeficiéncia simia, e observaram que quando
tratados nas primeiras 24h ap6s infec¢do, por 28 dias, ndo apresentaram replicagdo viral, mesmo
apos interrupcao do tratamento. Grant et al. (2010), no estudo iPrEx (Iniciativa Pré Exposi¢ao),
com 2.499 participantes de seis paises, observaram reducdo de 44% de infeccao por HIV em
individuos que fizeram uso profildtico de tenofovir associado a entricitabina, e relacionaram
menor contaminacao quando havia melhor adesdo ao medicamento. No mesmo ano, Abdool
Karim et al. (2010), observaram que o uso de gel vaginal a 1% de tenofovir diminuiu a infec¢ao
por HIV entre 39 e 54% das mulheres de acordo a adesdo ao uso do gel. Baeten et al. em 2012,
no estudo denominado Partners PrEP, analisaram 4.758 casais sorodiscordantes (quando um €&
HIV positivo e outro negativo), e ao fazer uso profildtico de tenofovir uma vez ao dia, houve
reducdo da transmissdao do virus de 67%, e quando associado a entricitabina, de 75%, os
medicamentos foram fornecidos em conjunto com outros servicos de protecdo. Thigpen et al.,
(2012) observaram reducdo de 62,2% da contaminacdo num estudo com 1.229 heterossexuais

que utilizaram tenofovir associado a entricitabina.
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Baseados nestes e mais diversos estudos, desde 2012 a Food and Drug Administration
(FDA), 6rgao regulador dos EUA aprovou o primeiro medicamento para prevencao da infec¢ao
por HIV, com nome comercial de Truvada® (Gilead Sciences, Inc, USA) a droga é composta
por 300mg de fumarato de tenofovir desoproxila e 200mg de entricitabina (TDF+FTC), decisdo
seguida pela Agéncia Europeia de Medicamentos (Holmes, 2012).

Choopanya et al., (2013) analisaram 2413 usudrios de drogas injetdveis e houve reducio
na contaminacao em 48,9% com o uso didrio de tenofovir. Baeten et al., (2014) compararam o
uso isolado do tenofovir e associado a entricitabina, com respostas semelhantes entre estas
drogas. Relativos efeitos adversos como redu¢do da fungdo renal, ainda que pequena, foram
observadas por Solomon et al., (2014) e Martin et al., (2014). Grant et al., 2014 deram sequéncia
ao estudo 1PrEx, com o iPrEx OLE (Open Label Extension), com 1.603 mulheres transgénero e
HSH, a adesdo ao tratamento, acesso ao medicamento, esclarecimento e encorajamento quanto
a eficécia do medicamento promoveram redugdo substancial na transmissao do HIV deste grupo
bastante vulneravel. Molina et al., (2015) no estudo IPERGAY, avaliaram o uso de tenofovir e
entricitabina oral, em esquema sob demanda, pré exposicao sexual (2 comprimidos) e pds (duas
doses, 24 e 48h) em HSH, e houve reducio da infeccdo em 86%.

Mirembe et al., (2016), verificaram perda éssea reversivel durante as primeiras 24
semanas de uso da PrEP em mulheres africanas. McCormacket al., (2016), em estudo
denominado PROUD (Pre-exposure prophylaxis to prevent the acquisition of HIV-1 infection),
com 544 HSH, verificaram a eficacia de 86%, utilizando diariamente tenofovir e entricitabina,
sem ocorréncia de efeitos adversos severos, entretanto, nduseas, dor de cabeca e artralgia,
resultaram na interrup¢do da PrEp em alguns casos. Fonner et al., (2016) por meio de uma
ampla revisdo sistemdtica e meta-analise constataram a eficdcia da PrEP oral, atestando poucos
riscos sendo o sucesso estd relacionado a adesdo continua ao tratamento proposto.

A OMS, incluiu a PrEP na Lista de Medicamentos Essenciais em 2017. Em 2018 os
adolescentes foram incluidos, e cerca de 70 paises desde 2019 adotaram a PrEP (Celum &
Baeten, 2020).

O tenofovir teve duas formulagdes testadas quanto a eficacia e seguranga, o fumarato de
tenofovir usado desde as primeiras pesquisas, € a alafenamida tenofovir, versdao que tem se
mostrado eficaz com melhor seguranga renal e 6ssea (Wasser et al., 2020). Em 2020, Mayer et

al., publicaram o amplo estudo multicéntrico, duplo-cego, denominado Discover, que testou
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as duas versdes distintas do tenofovir, ambas em conjunto com a entricitabina para PrEP, e a
formulacdo mais recente, contendo alafenamida demonstrou resultados semelhantes ao
fumarato quanto a prevencao, com marcadores biolégicos mais favoraveis.

No Brasil o medicamento de eleicao para PrEP é o mesmo utilizado desde 2012 em
alguns paises desenvolvidos, associacido de 200 mg de entricitabina + 300 mg de Fumarato de

tenofovir desoproxila (TDF+FTC), e que mantém a mesma formulagcao desde seu lancamento.

1.6 O TESTE DO MICRONUCLEO

Devido ao constante desafio que o organismo enfrenta tanto em decorréncia da infec¢cdo
pelo HIV, como em uso constante de TARV, os riscos de danos ao DNA relacionados aos
distdrbios metabdlicos, redu¢do da atividade antioxidante, producdo excessiva de espécies
reativas de oxigénio, niveis reduzidos de glutationa, entre outros, sdo aumentados nestes
individuos (Morimoto et al., 2014; Ivanov et al., 2016; Zizza et al., 2019). Um gene acessorio
do HIV, chamado Vpr, é responsavel por um ciclo celular anormal, e promove instabilidade
genOmica, levando também, a danos mutagénicos como a formacdo de microndcleos. Tais
achados foram descritos por Tachiwana et al., em 2006. Diante disso, testes citogenéticos para
avaliar alteracOes cromossdmicas de forma mais simples tem sido desenvolvidos e validados

nos ultimos anos.

Micronicleos sao pequenos fragmentos de nicleos (DNA), presentes no citoplasma de
células nucleadas, e sdo usados como biomarcador de dano cromossdmico, instabilidade do
gendma e mutagenicidade (Fenech, 2007; Bonassi et al., 2007). Microntcleos se originam
durante a divisao celular, a partir de um dano que excede a capacidade de reparo, podendo levar
a perda de um cromossomo inteiro (evento aneugénico), ou de um fragmento de cromossomo
(evento clastogénico), e que na fase final da divisao celular, a tel6fase, recebem um envoltério
nuclear, conferindo aspecto semelhante ao nicleo com tamanho menor em relacdo ao nucleo
principal (Thomas et al., 2009) (Figura 3). Uma vez que o dano ¢ transmitido a célula filha, o

mesmo ¢ fixado, caracterizando-o como um evento mutagénico (Ribeiro e Marques, 2003).
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Figura 3. Esquema representativo da formacao do microniicleo tanto de natureza aneugénica (perda do
cromossomo) como clastogénica (perda de fragmento cromossémico). Fonte prépria.

Conforme o protocolo internacional publicado por Thomas et al. em (2009), para ser
considerado microntcleo, deve ter a mesma colora¢ao do nticleo principal, deve estar no mesmo
plano, ter entre 1/3 a 1/16 do tamanho do nicleo principal, e estar totalmente dentro do
citoplasma da célula. Uma célula pode ter um ou multiplos MN. Outra alteragdo nuclear,
descrita inicialmente por Tolbert et al., (1992) como broken egg (em inglés), e hoje mais
referida como broto nuclear (em inglés, nuclear bud), também estd relacionada a instabilidade
genética, apesar de ndo ter seu mecanismo de formacdo ainda bem estabelecido, sugere-se uma
possivel falha no mecanismo de reparo de DNA, como a eliminagdo de excesso de material
nuclear, ocasionado pelo processo de amplificagdo génica. O nucleo principal encontra-se
ligado por uma ponte a outro fragmento com caracteristicas semelhantes ao micronucleo
(Fenech et al., 2011). Células binucleadas apresentam dois nicleos principais semelhantes, que
podem estar separados ou até se tocando, com a mesma morfologia dos nucleos de células
normais. Sua formacao estd relacionada a falha na citocinese, por diversos motivos, tais como
defeitos na formacd@o do anel do microfilamento, interrup¢do do ciclo celular, ou disfun¢do dos
telomeros (Thomas et al., 2009; Mantovani et al., 2021).

Os microndcleos foram descritos inicialmente como corpuisculos de Howell-Jolly em
1901, quando foram observados em glébulos vermelhos com caracteristicas patogénicas. Foi
somente em 1970 que Schmid e Heddle desenvolveram o teste do micronucleo a partir de

eritrocitos da medula 6ssea de roedores como um método simples capaz de demonstrar
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aberragcdes cromossOmicas e, subsequente mutagenicidade (Mantovani et al., 2021). Em 1976,
o teste em cultura de linfécitos humanos foi desenvolvido por Countryman e Heddle. Na década
de 80, Stich e Rosin propuseram uma modificacao capaz de identificar micronicleos em células
esfoliadas da mucosa bucal (Stich et al., 1985). Com a vantagem de ser um teste pouco invasivo
e de fécil execucdo em relacdo aos demais testes genéticos, mostrou-se desde entdo um
importante biomarcador de efeito, versatil e de baixo custo, cujo foco estd na prevengao,
predizendo uma interacdo genomica entre agentes quimicaos, fisicos ou biolégicos, idealmente
quando ainda ndo existe doenca propriamente dita (Holland et al., 2011; Bolognesi et al., 2015).
E um teste reconhecido internacionalmente, considerado robusto, simples e passivel de

automacao, com diretrizes regulatdrias estabelecidas (Knasmiiller & Fenech, 2019).

A mucosa bucal € composta por epitélio estratificado queratinizado e ndo queratinizado
que é representada pela mucosa de revestimento, e onde € indicada a coleta para o teste do
micronucleo. Esta camada apresenta espessura de aproximadamente 0,4 a 0,5Smm. Na por¢do
mais interna se encontram as células basais, onde ocorre a mitose, durante a migracdo para a
superficie externa, ocorre a diferenciacdo (perda das organelas e acimulo de glicogénio),
passando pelas camadas espinhosa e intermedidria até a camada superficial, conforme
apresentado na Figura 4 (Mishra et al., 2018). O processo leva em torno de 14 dias (Fehrehbach
e Bath-Balog, 2008), e uma vez que a coleta € realizada na camada superficial, podemos
concluir que o dano observado ocorreu em um passado recente, tempo em que houve a divisdo

celular e subsequente migracdo até a superficie (Thomas et al., 2011).
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Figura 4. A) Fotomicrografia da mucosa bucal corada em H.E. Aumento de 100x; B)
Esquema da migracio e diferenciacio celular pelas diversas camadas do epitélio bucal.
Fonte: Imagem adaptada de Nanci, 2017

Na mesma metodologia, € possivel ainda analisar os parametros de citotoxicidade,
representados pelo processo de morte celular, como: a picnose, cariorrexe e caridlise, seguindo
as indicacdes de Tolbert et al. (1992).

Na picnose, o nicleo encontra-se hipercorado e condensado, cerca de 1/3 a 2/3 menor
que um nucleo normal. A cariorrexe € representada por um nucleo fragmentado, e pode
representar o estdgio final da apoptose. Na caridlise, o nicleo aparece como uma imagem
fantasma, ou seja, ausente, pois ndo hd mais presenca de DNA, e estd relacionada a necrose
celular (Thomas et al., 2009; Mantovani et al., 2021). Todas estas alteracdes estdo representadas
na Figura 5.

O indice de reparo (IR), proposto por Ramirez & Saldanha em 2002, representado pela
formula: IR= (CL+CR) / (MN+NB), também foi avaliado, onde o processo de morte celular,
representado por CL e CR, precedem o dano celular irreversivel representado por MN e NB,

assim quanto menor o valor de IR, menor a capacidade de reparo celular.



16

A I1 B.C-

A. Célula Normal B. Microntcleo C. Broto Nuclear

D E F

D. Binucleada E. Cariorrexe F. Caridlise
G

G. Picnose

Figura 5. Fotografia de células esfoliadas da mucosa bucal em aumento 1000x. A.
Célula Normal; B. Célula com Microntcleo (seta); C. Broto Nuclear; D. Binucleada;
E. Cariorrexe; F. Caridlise; G. Picnose. Fonte propria.
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1.7 TESTE DO MICRONUCLEO, GENOTOXICIDADE E HIV

A genotoxicidade induzida por drogas antirretroviarais estdo descritas em alguns
estudos experimentais, apesar de poucos estudos envolvendo criancas. Em 2007 Witt et al.,
avaliaram o dano cromossomico de bebés expostos pela via transplacentdria, e observaram
aumento de MN em eritrécitos nestes bebés nascidos de maes soropositivas, que faziam uso de
zidovudina durante a gestacdo, e também foram medicados profilaticamente por 6 semanas apds
o nascimento. A genotoxicidade deste medicamento ja havia sido descrita em outros estudos in

vitro e em modelos animais (Olivero, 2008).

Wu et al., 2012, observaram a genotoxicidade de algumas drogas antirretrovirais,
divididas de acordo a classe, os inibidores da transciptase reversa (entricitabina, lamivudina,
tenofovir e zidovidina, usados neste estudo), sendo apenas a entricitabina testou negativa para
genotoxicicidade. Nos ensaios in vitro de micronucleo de linfécitos humanos e in vivo em
camundongos, os demais medicamentos foram positivos e a zidovudina foi positiva também no

teste de Ames (mutagenicidade reversa bacteriana).

A zidovudina, farmaco sintetizado como agente anticancerigeno nos anos 60, foi o
primeiro medicamento utilizado contra o HIV, aprovado em 1987, até hoje é amplamente
utilizado por ter atividade aditiva ou sinérgica com quase todos os outros agentes
antirretrovirais. E o medicamento de escolha como profilaxia para recém-nascidos devido a sua
eficicia na reducdo da transmissdo vertical. Desde 2000 foi classificado pela IARC
(International Agency for Research on Cancer) como grupo 2B, possivelmente carcinogénico

para humanos (IARC, 2000).

Drogas inibidoras da transcriptase reversa ndo andlogo de nucleosideo, (efavirenz e
nevirapina), foram negativos nos ensaios de genotoxicidade (Wu et al., 2012). Ainda neste
estudo, as drogas inibidoras da protease (atazanavir, darunavir e ritonavir), apenas o atazanavir
foi positivo a partir do teste de aberracdo cromossdmica. Inibidores da integrase (dolutegravir
e raltegrvir), inibidores de entrada e inibidores de fusdo, testaram negativo para genotoxicidade.
Apesar da maioria das drogas serem cancerigenas para roedores, os autores associaram a

mecanismos nao genotoxicos, tais como hepatotoxicidade.

Em 2013, Olivero et al., observaram o uso de TARV, com drogas inibidoras da
transcriptase reversa (zidovudina, lamivudina, abacavir, nevirapina) em filhotes de macacas

gestantes nao portadoras de HIV, que foram medicadas durante a gestacdo e, que
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posteriormente ao nascimento, estes filhotes seguiram a medicagdo por mais 6 semanas de vida,
semelhante ao protocolo humano. A exposicao intrauterina e perinatal revelou instabilidade
gendmica e efeitos mutagénicos que persistiram por 3 anos (ano final da pesquisa), devido a
incorporagdo da droga ao DNA, produzindo anormalidades no centromero e de fusos resultando
em aneuploidia. Como a idade de 3 anos do macaco equivale aproximadamente ao
desenvolvimento de 14 anos do ser humano, os autores sugerem o acompanhamento a longo
prazo de criangas nao infectadas pelo HIV, nascidas de maes infectadas pelo HIV (criancas

expostas), para avaliar o potencial de genotdxico persistente.

Moraes Filho et al. (2016) avaliaram citotoxicidade e genotoxicidade de distintas
concentracdes de TARV compostas por: tenofovir, lamivudina; e zidovudina, lamivudina e
efavirenz, em camundongos, através do ensaio do cometa e teste do micronucleo em medula
Ossea. Os autores observaram que nao houve alteracdo no ensaio do cometa (dano genotoxico)
ap6s 24 e 48h de exposi¢do, porém em todas as medicacdes e doses houve aumento da

frequéncia de MN, sugerindo altera¢cdes mutagénicas.

O aumento de MN muiltiplos em células da mucosa bucal, foi observado por Lima et al.,
em 2017, em pessoas adultas portadoras de HIV fazendo uso de TARV, com baixa carga viral,
quando comparado ao grupo controle sauddvel, porém este aumento nao foi estatisticamente

significativo, ja no grupo controle, houve aumento de MN tnico em relagdo ao contaminado.

Zizza et al., em 2019 analisaram culturas de linf6citos de 52 pessoas com HIV em uso
de TARYV, pareadas a um grupo controle sauddvel, e observaram diferenca estatisticamente
significativa no aumento de MN do grupo HIV positivo, sendo mais significativo no grupo HIV

que tinha alta carga viral.

Lazalde-Ramos et al. (2020) realizaram um estudo utilizando extratos alcodlico e
aquoso de Rosmarinus officinalis (alecrim) em pacientes adultos com HIV em uso de TARV
(efavirenz, emtricitabina e tenofovir). Verificaram aumento no nimero de células MN,
binucleadas e cariorrexe em células da mucosa bucal apds 4 meses de tratamento. No grupo que
fazia uso da TARV e extratos de alecrim concomitantemente, houve uma reducao significativa
destes parametros, sugerindo o uso desta terapia complementar seria relevante forma de

minimizar a instabilidade gendmica.

Gutierrez-Sevilla et al., 2021 avaliaram a instabilidade gen6mica, através do teste do
micronicleo de mucosa bucal, de adultos vivendo com HIV em diferentes tipos de TARV e
também sem medicamentos, € observaram aumento de células binucleadas e brotos nucleares

em relacdo ao grupo controle sauddvel. Entretanto ate o presente ndo had estudos que
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demonstrem os efeitos citogeneticos em criancas e adolescentes com HIV bem como em
individuos nao infectados que fazem uso da TARV. Por essa razdo, a motivagao desse estudo
foi justamente responder se os efeitos citogenéticos encontrados nos adultos se configuram de

maneira similar nesses grupos populacionais especificos.
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SUMMARY

OBJECTIVE: The objective of this study was to evaluate possible cytogenetic changes in
children and adolescents with human immunodeficiency
virus on antiretroviral therapy, through the micronucleus test in oral mucosa.

METHODS: This was a prospective study consisted of 40 individuals, of whom 21 comprised
the human immunodeficiency virus group and 19 comprised the control group. Children and
adolescents with human immunodeficiency virus were enrolled. The inclusion criteria were
<18 years old and consent in participating in the study. The exclusion criteria were the
presence of numerous systemic comorbidities, oral lesions, the habit of smoking, alcohol
consumption, and X-rays or CT scans taken within 15 days prior to sample collection. A
gentle scraping was performed on the inner portion of the jugal mucosa on both sides. A total
of 2,000 cells per slide were analyzed for the determination of mutagenicity parameters as
follows: micronuclei, binucleation, and nuclear buds. For measuring cytotoxicity, the
following metanuclear changes were evaluated: pyknosis, karyolysis, and karyorrhexis, in a
double-blind manner. The repair index was also evaluated in this setting.

RESULTS: The human immunodeficiency virus group showed high frequencies of
micronuclei (p=0.05), binucleated cells (p=0.001), and nuclear buds (p=0.03). In the
cytotoxicity parameters, represented by the cell death phases, there was an increase with
statistical difference (p<0.05) in the karyorrhexis frequency (p=0.05). Additionally, repair
index was decreased in the human immunodeficiency virus group.
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CONCLUSION: These results indicate that human immunodeficiency virus -infected
individuals undergoing antiretroviral therapy have cytogenetic
changes in oral mucosal cells.

KEYWORDS: Child. DNA damage. HIV. Micronucleus tests. Mouth mucosa.

INTRODUCTION

Currently, 79 million people have been infected worldwide with the human immunodeficiency
virus (HIV), whose predilection for immune system cells, which induces acquired immunode-
ficiency syndrome (AIDS), has been responsible for the death of 39 million people since the
beginning of the epidemicl. Still, it is responsible for 88% of contaminations of children up to
13 years. From this age, the main route of contamination is sexual. During the past 10 years,
there has been an increase of 64.9% in young males aged 15-19 years, while there has been a
significant decrease among women in this age group2. Antiretroviral therapy (ART), started in
the late 1980s, has been constantly evolving, acting especially on the replication of the virus in
several stages and combining different classes of antiretrovirals. Antiretroviral drugs are
classified according to their mechanism of action. There are more than 25 drugs divided into
six types: nucleoside reverse transcriptase inhibi- tors, non-nucleoside reverse transcriptase
inhibitors, protease inhibitors, fusion inhibitors, integrase inhibitors, and entry inhibitors. In
fact, ART has shown a reduction in mortality and a significant increase in survival. It also shows
an improve- ment in the quality of life and suppression of viral load in many cases, which
decreases the chance of transmission, preventing vertical transmission3,4. In 2004, a study
reported that only 26% of children achieved complete viral suppression with 72 weeks of ARTS5,
in contrast to the percentage observed by Gulick et al.6 whose remission in adults was 89%
after 48 weeks of ART treatment. In the same study, Aboulker et al.7 demonstrated 30% of
selection of HIV resistance mutations in children, leading to virological failure, and emphasized
the importance of early initiation of ART in children. In Europe and the United States, the infant
mortality rate fell between 80 and 90% after the introduction of ART, and although it is
considered a chronic disease at present, it is estimated that the survival of these children is 30
times lower than a healthy child§8. However, metabolic, neurological, cardiovascular, renal, and
cancer disorders are the complications not related to AIDS, but related to the set of aging
conditions mediated by HIV, or even by the persistent inflammatory immune process, even if

under treatment9,10.
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Micronuclei (MN) are small fragments of nuclei (DNA), present in the cytoplasm of nucleated
cells, and are used as a sensitive biomarker of chromosomal damage, genome instability, and
mutagenicityl1,12. MN originate during cell division, from a damage that exceeds the repair
capacity, which can lead to the loss of an entire chromosome (aneugenic event), or a chromo-
some fragment (clastogenic event), and that in the final phase of cell division, telophase, receive
a nuclear envelope, giving a similar appearance to the nucleus with a smaller size in relation to
the main nucleus13. In the 1980s, Stich and Rosin proposed a modification capable of
identifying such MN in exfoliated cells of the oral mucosal4, with the advantage of being a less
invasive test and easy to perform in relation to other genetic tests. This methodology has since
proved to be an important biomarker of effect, versatile, and low cost, which focuses on
prevention, predicting an interaction between a chemical, phys- ical, or biological substance,
with biological receptors, ideally when there is no disease. It should be noted that these are not
diagnostic tests15, but internationally recognized tests, which are considered robust, simple,
and amenable to automation, with established regulatory guidelines16. Based on the infor-
mation presented, the objective of this study was to evaluate possible cytogenetic changes in

children and adolescents with HIV on ART, through the micronucleus test in oral mucosa.

METHODS

Casuistics

The study was approved by the Institutional Human Ethics Committee from Federal University
of Sdo Paulo, under the protocol 0485/2019. All the legal guardians of participants signed the
informed consent form and participants signed the assent form.

This prospective study consisted of 40 individuals; of whom 21 comprised the HIV group and
19 comprised the control group. All participants received detailed informa- tion about the
project and the consent form was delivered to children and adolescents (<18 years), after being
signed by their respective guardians. Children and adolescents (aged from O to 18 years), with
HIV were enrolled, who were regularly monitored at the Specialized Child Care Service (SAE
infantil) in the city of Santos — SP, Brazil, and whose total was 21 people from August to
December, 2019. The inclusion criteria were <18 years old and con- sent in participating in the
study. The exclusion criteria were the presence of systemic comorbidities, oral lesions, the habit
of smoking, alcohol consumption, and X-rays or CT scans taken within 15 days prior to sample
collection. A single examiner, a dentist, collected, stained, and examined the unidentified

samples. The control group was enrolled by direct approach randomly in public places in the
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city of Santos — SP. Exclusion criteria were similar to that of HIV group.

Micronucleus test in oral cells

The buccal mucosal MN test followed the protocol described by Belien et al.17 With the aid of
a wooden spatula previously moistened in saline solution, a gentle scraping was performed on
the inner portion of the jugal mucosa on both sides, for approximately 10 times each side. The
material was deposited on a clean and dry histological slide. The slides were stained by Feulgen-
Fast-Green technique. A total of 2,000 cells per slide were analyzed, at 1,000” magnification,
for the determi- nation of MN, binucleation (BN), and nuclear buds (NB), and cytotoxicity
parameters such as pyknosis (PK), karyoly- sis (KL), and karyorrhexis (KR) in a double-blind
manner. The correct identification of such parameters was established by Bolognesi et al.18.
For this purpose, the following criteria were established for the correct identification of
cytogenetic changes of MN: (1) intact main nucleus and cytoplasm; (2) one-third diameter of
the main nucleus; (3) similar stain and texture of the main nucleus; and (4) MN in the same
focus as that in the main nucleus; KR: the nucleus may also exhibit extensive fragmentation
indicative of advanced nuclear frag- mentation; BN: two main nuclei within a single cell and
the nuclei are of similar size and staining intensity; NB: the main nucleus has a sharp
constriction forming a bud of nuclear mate- rial being attached to the main nucleus by a narrow
or wide nucleoplasmic bridge; PK: the nucleus is small and shrunken with a diameter that is
approximately one-third of that in a fully differentiated cell being uniformly and intensely
stained; and KL: they do not have a DN A-containing nucleus or other structures that stain with
Feulgen.

The repair index (RI), proposed by Ramirez and Saldanhal$, represented by the formula
RI=(KL+KR)/(MN+NB), was also evaluated in this setting. Statistical analysis

All data were submitted to the normalization using Kolmogorov- Smirnov test. After that, non-
parametric data were confirmed by all data collected in this setting. The test used to evaluate
the metanuclear alterations and DNA RI between the control group and HIV was the non-
parametric Mann-Whitney U test. The sta- tistical significance level was set at 5%. The

statistical analysis was conducted by the Bio Stat software (version 5.0, Maringa-Brazil).

RESULTS
In the HIV group, there was an exclusion of only one transsex- ual teenager, who was a smoker

and also used other drugs such as LSD ((lysergic acid diethylamide) and ecstasy (3,4-meth-
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ylenedioxy-methamphetamine). The distribution was 9 boys and 11 girls, all of whom reported
good eating habits including fruits, except the 4-month-old baby who used milk formula. Only
one adolescent reported occasional use of marijuana and eight reported the use of mouthwash.
Only 4 cases were in treat- ment between 1 and 3 years, and the other 16 cases were in treat-
ment from the beginning of life. Regarding the control group, all participants were included and
the distribution was 8 boys and 11 girls, of whom 6 reported using mouthwash and none were

using any medication. The groups are represented in Table 1.

Table 1. Demographic characteristics of study participants.

Control group (n=19) HIV group (n=21)

Mean age 6.9 (4.9) 13.1 (4.72)
Gender 8/11 M/F 9/11 M/F
Time of therapy (years) — 9.3+6.1
Time of infection (years) - 9.4+6

Educational level

Primary level 19 21
Secondary level 0 0
Ethnicity

Black 0 0
White 14 11
Mixed 5 10
Use of mouthwash 6 8

Use of illicit drugs 0 1

The HIV group presented an increase in statistical difference (p<0.05) in relation to the control
group in the parameters of mutagenicity, the frequency of MN (p=0.05), BN (p=0.001), and NB
(p=0.03), as shown in Table 2.

In the cytotoxicity parameters, there was an increase in statistical difference in the frequency of
KR (p=0.05). KL and PK showed no significant increase (p>0.05), as shown in Table 2. Finally,
the RI shown in Table 2 suggests a higher repair capac- ity in the control group when compared

to the HIV group.
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Table 2. Total number [Median (Min-Max)] of oral cells presenting genotoxicity, cytotoxicity, and DNA
repair index in children infected with human immunodeficiency virus undergoing antiretroviral therapy

Karyolysis | Karyorrhexis Pyknosis Micronucleus | Binucleation | Nuclear bud (KL+KR)/
(KL) (KR) (G49) (MN) (BN) (NB) (MN+NB)

Control 1,633 199 138 227
(n=19) (1,556-1,748) (50-328) 6—34) (64-285) (0—1) (0—1) (0—0) (31-309)
HIV 1,618 220.5 43.5 122.5 1.5 1.5 1,5 91
(n=20) (1,450-1,704) | (175-266) (34-53)* (63-182) (1-2)* (1-2)* 14) (33-309)*

*p<0.05 when compared to control.

DISCUSSION

Our results demonstrated that children infected with HIV undergoing ART therapy possess
cytogenetic damage in the oral mucosa as depicted by increasing mutagenicity, cytotoxic- ity,
and low DNA repair capacity. It is important to highlight that the success of ART is undeniable
in relation to the higher life expectancy and quality of life, giving chronicity status to the
infection caused by HIV. However, the side effects of ART are well documented and others are
still being studied. There are 12 types of drugs used in this HIV group, in different con-
jugations, always using a cocktail of at least 3 drugs per individ- ual, according to the guidelines
commonly used for the man- agement of HIV infection. Nucleosides reverse transcriptase
inhibitor drugs are essential constituents that make up ART, and patients in general receive two
drugs of this class in combi- nation with a third active drug of another class19. This protocol
may change according to the body response, from the viral load and clinical response, and which
can be influenced by both virus mutations and individual interruptions or adverse reactions in
treatment. In a study with mice, alterations such as hepatocel- lular adenomas, carcinomas, and
pulmonary alveolar/bron- chiolar adenomas were reported with the use of tenofovir and
efavirenz20, but this risk with tenofovir and entecavir in humans was not evident in the recent
review published by Tseng et al.21 Nephrotoxic effects, liver disease, and bone
hypomineralization have been described in nucleoside reverse transcriptase inhib- itor drugs19.
In this study, the HIV group presented statistical difference in all mutagenicity parameters (MN,
NB, and BN), in relation to the control group of healthy children and ado- lescents submitted
to ART.

Regarding cytotoxicity, parameters were also altered, specif- ically in KR, which may suggest
that the organism is constantly being challenged, by the mechanisms of cell cycle control and
tissue death. We can still observe that even with an increase in the rate of cell death, which
could mask the presence of muta- genic alterations, MN, NB, and BNs were increased in the

HIV group, which suggests a high mutagenicity detectable by the proposed methodology. These
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results were confirmed by the decrease in the efficiency of the repair system in the experimen-
tal group. Despite few studies involving children, in 2007, Witt et al.22 evaluated the
chromosomal damage of infants exposed to ART by transplacental route and observed
increased MN in erythrocytes in these infants born to seropositive mothers, who used
zidovudine during pregnancy, and were also prophy- lactically medicated for 6 weeks after
birth. The genotoxicity and mutagenicity of this drug had already been described in other studies
in vitro and in animal models23. In 2013, Olivero et al.24 observed that the use of ART, with
reverse transcrip- tase inhibitor drugs (zidovudine, lamivudine, abacavir, and nevirapine) in the
offspring of pregnant monkeys not carrying HIV, which were medicated during pregnancy and
after birth, revealed genomic instability and mutagenic effects that per- sisted for 3 years (final
year of research). Moraes Filho et al.25 evaluated that cytotoxicity and genotoxicity of different
con- centrations of ART composed of tenofovir, lamivudine, and zidovudine, lamivudine, and
efavirenz, in mice, through the comet assay and bone marrow micronucleus test. The increase
of MN in buccal mucosal cells was observed by Lima et al.26, in adults with HIV using ART,
with low viral load. Our results are in line with the studies identified above that evaluated the
effects on rodents and adult individuals.

This study has some limitations. First, it was not possible to evaluate to what extent ART only
is able to induce cytogenetic damage in oral cells. Second, the lack of previous research studies
on the topic compromise an in-depth discussion regarding the data. Taken together, our results
indicate that children infected with HIV and submitted to ART demonstrate genomic dam- age

and cytotoxicity in buccal cells. However, further studies are necessary to elucidate the issue.
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SUMMARY

OBJECTIVE: The objective of this study was to evaluate cytogenetic changes in
individuals submitted to oral human immunodeficiency virus pre-exposure
prophylaxis- use, through the micronucleus test in oral mucosa.

METHODS: This study consisted of 37 individuals, of whom 17 comprised the
pre-exposure prophylaxis-group and 20 comprised the control group. A total of
2,000 cells per slide were analyzed for the determination of micronuclei,
binucleation, nuclear buds, and cytotoxicity parameters: pyknosis, karyolysis, and
karyorrhexis (KR), in a double-blind manner. The repair index was also evaluated in
this setting.

RESULTS: In the mutagenicity parameters, the pre-exposure prophylaxis group
showed increased frequencies of micronuclei (p=0.0001), binucleation (p=0.001),
and nuclear buds(p=0.07). Regarding the cytotoxicity parameters, there was an
increase with a statistical difference (p<0.05) in the karyorrhexis frequency
(p=0.001). Additionally, the repair system efficiency decreased in the pre-exposure
prophylaxis group.

CONCLUSION: These results indicate that individuals undergoing pre-exposure
prophylaxis use have geno- and cytotoxicity in oral mucosal cells.

KEYWORDS: Antirretroviral therapy;. DNA damage;. Micronucleus tests; Mouth
mucosa.

INTRODUCTION

The different existing methods to avoid contamination by the human immunodeficiency virus
(HIV) have not yet been enough to eradicate the disease. Sinceits form of transmission was
discovered, through secretions, such as vaginal secretions,sperm, blood, and breast milk, the
incessant recommendations before the use of mechanical barrier (condoms), the non-sharing of
needles, the decrease of high-risk behaviors, especially for alcohol and drug users, regular testing
for HIV, prompt treatment of other sexually transmitted infections, and prevention of
transmission by HIV-positive individuals with regular use of antiretroviral therapy (ART), have
been part of the strategy to minimize the spread of acquired immunodeficiency Syndrome.

Since 2016, the World Health Organization (WHO) has published a guide of
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recommendations closely related to AIDS, and has oral pre-exposure prophylaxis (PrEP) as part
of the combined prevention strategy (biomedical and behavioral) to HIV infection for people at
high risk2. PrEP consists of the continuous use of antiretroviral drugs in HIV-negative people
to reduce the risk of acquiring HIV infectionl. The medication initially offered included oral
tenofovir, either alone or in combination with emtricitabine, both being nucleoside reverse
transcriptase inhibitors. In 2021, the use of the vaginal ring with dapivirine was another option
for women at risk, and in 2022, the injectable use of long-acting cabotegravir was recently added
to the prophylactic medications3. Several studies have demonstrated that the treatment
with PrEP reduces HIV infection4,5. For example, Tsai et al.6, studied the use of the
antiretroviral tenofovir in monkeys (Macaca fascicularis) inoculated with HIV, and observed
that, when treated in the first 24 h after infection, for 28 days, they did not show viral
replication after interruption of treatment. Grant et al.7, in their study on 2,499 participants from
6 countries, observed a 44% decrease in HIV infection in individuals who made the
prophylactic use of tenofovir associated with emtricitabine. In the same year, Abdool Karim et
al.8, observed that the use of 1% tenofovir vaginal gel reduced HIV infection between 39 and
54% in women.

Genotoxicity assays are widely used to identify the chemical compounds that would be
able to induce DNA damage. To evaluate this effect, the micronucleus assay is suitable for this
purpose as it is simple, and low cost with reproducible results9. The assay allows analyzing
DNA alterations in exfoliated cells of the oral mucosa in a minimally invasive way, where it is
possible to verify nuclear alterations, such as the presence of micronuclei (MN), binucleation
(BN), and nuclear buds (NB) as indicators of genetic damage. Also, cytotoxicity through the
phases of cell death, karyorrhexis (KR), pyknosis (PK), and karyolysis (KL) was evaluated
in these individuals. The biological significance of the micronucleus lies in exposure to chemical
agents, chronicle diseases, and aging9.

In this context, this study aims to evaluate possible cytogenetic changes due to the
continuous use of PrEP, which are not assessed in routine tests adopted in clinical practice By
micronucleus assay. To the best of our knowledge, this approach has not been made so far.
Certainly, such data will provide insights for better understanding regarding the safety of PrEP

use



44

METHODS

Casuistics

The study was approved by the Institutional Human Ethics Committee from Federal University of
Sao Paulo - Brazil, under protocol 0485/2019. All participants received a detailed explanation about the

project, and the participants signed an informed consent form.

This study consisted of 37 individuals, of whom 17 comprised-the PrEP group and 20 comprised
the control group. A single examiner, a dentist, performed the collection, staining, and examination of
the unidentified samples. A total of 17 volunteers from the PrEP group aged between 19 and 50 years
were recruited under regular monitoring in the Specialized Care Service in the city of Santos, Sao Paulo,
Brazil. Exclusion criteria were the absence of infectious diseases, oral lesions, and exposure to
radiographic or tomographic examsin 15 days prior to sample collection. The control group was randomly
recruited by a direct approach, in public places in the city of Santos, Sao Paulo, Brazil. Notably, 20 people

were recruited, with the exclusion criteria similar to the PrEP group.

Cytogenetic assay

The oral mucosa MN test followed the protocol described by Belien et al. . With the help of
a wooden spatula previously moistened with saline solution, agentle scraping was performed on the
inner portion of the jugal mucosa on both sides. The stain used was Feulgen/Fast Green. The correct
identification of metanuclear changes was proposed by Thomas et al.9 . For this, the following criteria
were established for the correct identification of cytogenetic changes. MN: (1) intact main nucleus
and cytoplasm; (2) diameter one-third of the main nucleus; (3) similar stain and texture of the main
nucleus; and (4) MN in the same focus as that of the main nucleus.; KR: The nucleus may also exhibit
extensive fragmentation indicative of advanced nuclear fragmentation; BN: Two main nuclei within
a single cell and the nuclei are of similar size and staining intensity. NB: The main nucleus has a
sharp constriction forming a bud of nuclear material being attached to the main nucleus by a narrow
or wide nucleoplasmic bridge.; PK: The nucleus is small and shrunken with a diameter that is
approximately one-third of that in a fully differentiated cell being uniformly and intensely stained.;
KL: They do not have a DNA-containing nucleus or other structures that stain with Feulgen.

The repair index (RI), proposed by Ramirez and Saldanhal 1, represented by the formula,:RI=
(KL+KR) / (MN+NB), was also evaluated in this setting

Statistical analysis

All data were submitted for normalization using the Kolmogorov-Smirnovtest. After that,
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non-parametric data were confirmed by all data collected in this setting. The nonparametric Mann-
Whitney test was used to evaluate the metanuclear alterations and DNA RI between the control and
experimental groups. The statistical significance level was set at 5%.The statistical analysis was

conducted by the Bio Stat software (version 5.0, Maringa-,Brazil).

RESULTS

All participants in the PrEP group were males and reported eating well, including fruits
and vegetables; five participants used vitamin supplements, nine reported using mouthwash, the
majority (15 people) reported taking alcoholic beverages, and five were smokers (less than 20
cigarettes/day). The minimum time of treatment with Truvada® was 1 month of continuous use, and
the maximum time was 13 months. One participant was diabetic and hypertensive using metformin,
and the other was hypertensive using valsartan. In the control group, all volunteers were also males
and the age ranged from 20 to 51 years. A total of 5 volunteers were smokers, 10 reported using

mouthwash, and none was taking any medication. The demographic characteristics are shown in

Table 1.

Table 1. General characteristics of study participants.

Parameters Control group _PrEP group
(n=20) (n=17)
Mean age 35.2+9.6  34.649.7
Gender M/20 M/17
Time of treatment 6.4+4.2
Tobacco smoking 5 5
Mouthrinse 9 10
Tllicit drugs 5 5
Vitamins supplement 4 5
Chronicle diseases 3

The PrEP group showed an increase with a statistical difference compared with the control

group for all mutagenicity parameters:, the frequency of MN (p=0.001), BN (p=0.001), and NB
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(p=0.078), according to Table 2. In cytotoxicity parameters, there was a statistical difference in the
frequency of KR (p=0.001). In other parameters evaluated in this setting, KL (p=0.57) and PK
(p=0.8), did not show significant differences (p>0.05), between groups according to the results
presented in Table 3. The RI index is shown in Table 2; and the findings suggest the lower repair

capacity in the PrEP group in oral mucosa cells when compared with the control group.

Table 2. Mean+S.D. frequency of cytogenetic changes related to mutagenicity in individuals submitted to pre-

exposure prophylaxis use

Groups MN BN NB DNA repair
index

Control 0.3510,6 0.3+0,5 0.05 0.2 198.5 +103.8

PreP 2.35+1.6* 4.3 +2.8* 0.7 £+0.9* 104.6 + 75.5*

* p<0.05; MN; micronucleus; BN: binucleation; NB: nuclear bud.

Table 3. Mean+S.D. frequency of cytogenetic changes related to cytotoxicity in individuals submitted to pre-

exposure prophylaxis use.

Groups Normal cells KL KR PK
Control 1,664.1 +£48.3 195.7 £56 27.2 +£6,.5 112.5 £42.5
PrEP 1,617.7 £85 203.2 ++ 66.4 48.9 £+ 21.2% | 122.7£59.5

*p<0.05; PK: pyknosis; KL: karyolysis; KR: karyorrhexis

DISCUSSION

According to the UNAIDS report, it was estimated that more than 1.6 million people
worldwide would have received oral PrEP by the year 202112. The goal set for 2025 is 10 million
people to use this HIV prophylaxis12. Initially concentrated in high-income countries, a substantial
increase has been observed in underdeveloped countries in the past 2 years. The rate of HIV infections
worldwide has shown a steady decline, but in the last 5 years, this has been associated with the
COVID-19 pandemic, as well as with the lack of prevention programs that especially reach the most
vulnerable groups of people, as they account for more than half of new infections worldwide13.

The success of prophylactic treatment is widely documented as lowering the risk of

contracting HIV by 90%, provided by good adherence to treatmentl3. Two dosing regimens are
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proposed, daily and continuous use of one tablet, or on-demand use, which consists of using 2 tablets
between 2- and 24 h before exposure, 1 tablet 24 h after the first dose, and 1 more tablet 48 h after
the first dose, totaling 4 tablets, with good efficacy14. However, some adverse effects such as nausea,
headache, flatulence, stool softening/diarrhea, and edema can be reported and can be treated
symptomatically.

The association between tenofovir and emtricitabine has been described for PrEP use, but also
severe cases depicted by lactic acidosis and hepatomegaly with steatosis and some rare fatalities,
especially in women, obese people, and people who take this drug combination for prolonged usel5.
Tenofovir fumarate presents a potential risk of renal toxicity;, and its prolonged use can lead to
progressive loss of renal function, acute renal failure, and Fanconi syndrome. According to Jotwani
et al.,16, subclinical changes in renal tubular function have been observed in people taking PrEP,
warranting further study. Tenofovir fumarate is also related to decreased bone mineral density17,18,
although no increases in the number of fractures is documented. According to Havens et al.19, in a
study on 15-22-year-olds, they showed bone loss after continuous PrEP use for 48 weeks, and with
its discontinuation, there was partial or complete improvement after 48 months. Regarding the geno-
or cytotoxicity induced by these drugs, the results were largely obtained through experimental
studies. Wu et al.20 observed the genotoxicity of several antiretroviral drugs;. Tenofovir was related
to the presence of hepatocellular adenomas, carcinomas, and lung adenomas in rats. Emtricitabine
showed no changes for genotoxicity and induction of carcinogenesis. Moraes Filho et al.21,22,used
the test for somatic mutation and recombination detection comet assay in Drosophila melanogaster
and micronucleus assay in bone narrow cells;. Tenofovir promoted DNA damage by inducing
mutational and/or recombination events, although it did not produce toxic effects.

Recently, Gutiérrez-Sevilla et al.23 evaluated genomic instability, through the buccal mucosa
micronucleus test, of people with HIV on different types of ARTs and also without medication, and
inreased BN cells and NB were detected in these individuals. However, there are no studies
evaluating the cytogenetic changes in HIV-uninfected individuals undergoing PrEP use. In this study,
we evaluated HIV-free individuals taking antiretroviral drugs as a preventive measure against HIV
infection (PrEP). Mutagenicity, an irreversible cell damage factor, was evaluated by cell nucleus
alteration events such as BN, MN, and NB. For this, we used the micronucleus test in exfoliated cells
of the oral mucosa as this methodology has demonstrated a direct correlation with the micronucleus
test in lymphocytes, with the advantage of being a minimally invasive, low-cost method that allows
the evaluation of DNA injury. It has versatility and can be employed for various risk factors, such as
environmental, nutritional, radioactive, licit, or illicit drug use, among others24,25.

Our results revealed that all parameters closely related to mutagenicity showed a statistically

significant increase compared with the control group. Cytotoxicity was assessed by cell death
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parameters, in its distinct phases: PK, KR, and KL. KR, a less frequent event to be observed, as it
represents a transition between the initial and final phases of cell death, showed a statistically
significant increase when compared to with the control group, suggesting that the cell damage may
be leading to more cell death events, even if not represented by PK and KL. Taken together, these
results indicate that PrEP is capable of inducing genotoxicity and apoptosis in oral mucosal cells. The
RI also showed a decrease in the PrEP group in buccal mucosal cells.

These results are completely new and, therefore, difficult to discuss at the present time.
Anyway, we can infer that the ability to repair oral mucosa cells may be reduced in volunteers
submitted to PrEP, favoring the processes of genotoxicity and cell death. However, further studies

are needed to accurately assess this condition properly.

CONCLUSION

These results indicate that individuals undergoing PrEP use have geno- and cytotoxicity in
oral mucosal cells. As PrEP plays a pivotal role in controlling HIV infection, especially in high-risk
populations, further studies are needed to elucidate what tissues and organs are more vulnerable to
PrEP, in addition to oral mucosa in humans. Certainly, such data will establish correctly and

unequivocally the real risks of PrEP use in order to avoid danger to people

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The project was approved by the Research Ethics Committee of the Federal University of
Sao Paulo (UNIFESP), Protocol number #3.461.911.

AUTHORS’ CONTRIBUTIONS
conceptualization: MESA, MMC, DAR DATA curation: MESA, CMCBM, DVS

formal analysis: MESA, DVS Funding acquisition: DAR Investigation: MESA, DAR
Methodology: MESA, DVS Project administration: DAR Resourses: DAR

Software: DAR Supervision: DAR Validation: DAR
Visualization: DAR, MESA, MMC, CMCBM Writing - original - MESA
Writing - review - DAR



49

REFERENCES

1. Ministério da Sadde Secretaria de Vigilancia em Satde. Departamento de Vigilancia, Prevencdo e Controle
das Infecgdes Sexualmente Transmissiveis, do HIV/Aids e das Hepatites Virais. Protocolo Clinico e Diretrizes
Terapéuticas para Profilaxia Pré-Exposicao (PrEP) de Risco a Infeccdo pelo HIV

[Internet]. Brasil. Available: from: http://www.aids.gov.br/pt-br/pub/2017/protocolo- clinico-e-diretrizes-terapeuticas-
para-profilaxia-pre-exposicao-prep-de-risco.

2. World Health Organization (WHO). Global HIV Programme. Pre-exposure prophylaxis (PrEP)
[Internet]. Available from: https://www.who.int/teams/global-hiv-hepatitis-and-stis-
programmes/hiv/prevention/pre-exposure-prophylaxis.

3. Isabel Cristina Melo Mendes, (ICMM). AIDS 2022 OMS atualiza guidelines da profilaxia pré-exposicdo.
Congresso [Internet]. Available from: https://pebmed.com.br/ias-2022-novidades-dos-guidelines-da-oms-prep/.

4. Baeten JM, Donnell D, Ndase P, Mugo NR, Campbell JD, Wangisi J, et al. Antiretroviral prophylaxis for HIV
prevention in heterosexual men and women. N Engl J Med. 2012;367(5):399-410.
https://doi.org/10.1056/NEJMoal 108524

5. Fonner VA, Dalglish SL, Kennedy CE, Baggaley R, O'Reilly KR, Koechlin FM, et al. Effectiveness and safety
of oral HIV  preexposure  prophylaxis for all  populations. AIDS. 2016;30(12):1973-83.
https://doi.org/10.1097/QAD.0000000000001145

6. Tsai CC, Emau P, Follis KE, Beck TW, Benveniste RE, Bischofberger N, et al. Effectiveness of postinoculation
(R)-9-(2-phosphonylmethoxypropyl) adenine treatment for prevention of persistent simian immunodeficiency virus
SIVmne infection depends critically on timing of initiation and duration of treatment. J Virol. 1998;72(5):4265-73.
https://doi.org/10.1128/1V1.72.5.4265-4273.1998

7. Grant RM, Lama JR, Anderson PL, McMahan V, Liu AY, Vargas L, et al. Preexposure chemoprophylaxis for
HIV  prevention in men who have sex with men. N Engl J Med 2010;363(27):2587-99.
https://doi.org/10.1056/NEJMoal011205

8. Abdool Karim Q, Abdool Karim SS, Frohlich JA, Grobler AC, Baxter C, Mansoor LE, et al. Effectiveness
and safety of tenofovir gel, an antiretroviral microbicide, for the prevention of HIV
infectionin women. Science.

2010;329(5996):1168-74. https://doi.org/10.1126/science.1193748

9. Belién JA, Copper MP, Braakhuis BJ, Snow GB, Baak JP. Standardization of counting micronuclei: definition
of a protocol to measure genotoxic damage in human exfoliated cells.  Carcinogenesis. 1995;16(10):2395-
400.

https://doi.org/10.1093/carcin/16.10.2395

10. Bolognesi C, Bonassi S, Knasmueller S, Fenech M, Bruzzone M, Lando C, et al. Clinical application of
micronucleus test in exfoliated buccal cells: a systematic review and  metanalysis. Mutat Res Rev
Mutat  Res. 2015;766:20-31. https://doi.org/10.1016/j.mrrev.2015.07.002

11. Ramirez A, Saldanha PH. Micronucleus investigation of alcoholic patients with oral carcinomas. Genet Mol Res.
2002;1(3):246-60. PMID: 14963832

12. Unaids Global AIDS Update 2022. A new push for prevention
[Internet]. Available from:  https://indanger.unaids.org/wp-
content/uploads/2022/07/Prevention-1.pdf.



50

13. Pan American Heath Organization (PAHO). Oral Pre-

Exposure Prophylaxis (PrEP) of HIV infection — eLearning tool for clinicians.

[Internet]. Available from:  https://www.campusvirtualsp.org/en/course/oral-pre-
exposure-prophylaxis-prep-hiv-infection-elearning-tool-clinicians-2021

14. Molina JM, Ghosn J, Delaugerre C, Pialoux G, Katlama C, Slama L, et al.
Incidence of HIV infection with daily or on-demand oral PrEP with TDF/FTC in France. Topics Antiviral
Med. 2021;3:43-44.  https://doi.org/10.1016/S2468-2667(22)00106-2

15. Agéncia Nacional de Vigilancia Sanitdria (ANVISA). Entricitabina + fumarato de tenofovir desoproxila.

Registro sanitario MS n°® 1.1524.0004. Didrio Oficial de Unido n° 77 em 23/04/2018, através da Resolu¢cdo-RE n ° 977

de 19/04/2018 [Internet]. TRUVADA. Sao Paulo: Gilead Sciences Farmaceutica Do Brasil LTDA. Available
atfrom: https://consultas.anvisa.gov.br/#/medicamentos/25351036639201992/?nomeProduto=Tr uvada

16. Jotwani V, Scherzer R, Glidden DV, Mehrotra M, Defechereux P, Liu A, et al. Pre-exposure prophylaxis with
tenofovir disoproxil fumarate/emtricitabine and kidney tubular dysfunction in HIV-uninfected individuals. J Acquir
Immune Defic Syndr. 2018;78(2):169-74. https://doi.org/10.1097/QAI1.0000000000001654

17. Baranek B, Wang S, Cheung AM, Mishra S, Tan DH. The effect of tenofovir disoproxil fumarate on bone
mineral  density: a  systematic review and  meta-analysis.  Antivir  Ther. = 2020;25(1):21-32.
https://doi.org/10.3851/IMP3346

18. Mulligan K, Glidden DV, Anderson PL, Liu A, McMahan V, Gonzales P, et al. Effects of emtricitabine/tenofovir
on bone mineral density in HIV-negative persons in a randomized, double-blind, placebo-controlled trial. Clin Infect Dis.
2015;61(4):572-80. https://doi.org/10.1093/cid/civ324

19. Havens PL, Perumean-Chaney SE, Patki A, Cofield SS, Wilson CM, Liu N, et al. Changes in bone mass after
discontinuation of preexposure prophylaxis with tenofovir disoproxil fumarate/emtricitabine in young men who have
sex with men: extension phase results of adolescent trials network protocols 110 and 113. Clin Infect Dis. 2020;70(4):687-
91. https://doi.org/10.1093/cid/ciz486

20. Wu KM, Powley MW, Ghantous H. Timing of carcinogenicity studies and predictability of genotoxicity for
tumorigenicity in anti-HIV drug development. Int J Toxicol. 2012;31(3):211-21.
https://doi.org/10.1177/1091581812439585

21. Moraes Filho AV, Jesus Silva Carvalho C, Vercosa CJ, Goncalves MW, Rohde C, Melo E Silva D, et al. In vivo
genotoxicity evaluation of efavirenz (EFV) and tenofovir disoproxil fumarate (TDF) alone and in their clinical
combinations  in Drosophila melanogaster. Mutat Res Genet Toxicol Environ Mutagen. 2017;820:31-8.
https://doi.org/10.1016/j.mrgentox.2017.05.012

22. Moraes Filho AV, Carvalho CJ, Carneiro CC, Vale CR, Lima DC, Carvalho WF, et al. Genotoxic and cytotoxic
effects of antiretroviral combinations in mice bone marrow. PLoS  One. 2016;11(11):e0165706.
https://doi.org/10.1371/journal.pone.0165706

23. Gutiérrez-Sevilla JE, Céardenas-Bedoya J, Escoto-Delgadillo M, Ziniga- Gonzdlez GM, Pérez-Rios AM,
Go6mez-Meda BC, et al. Genomic instability in people living with HIV. Mutat Res Genet Toxicol Environ Mutagen.
2021;865:503336. https://doi.org/10.1016/j.mrgentox.2021.503336

24. Bonassi S, Coskun E, Ceppi M, Lando C, Bolognesi C, Burgaz S, et al. The HUman MicroNucleus project on
eXfoLiated buccal cells (HUMN(XL)): the role of life-style, host factors, occupational exposures, health status, and assay
protocol. Mutat Res. 2011;728(3):88-97. https://doi.org/10.1016/j.mrrev.2011.06.005



51

25. Nersesyan A, Kundi M, Fenech M, Stopper H, Silva J, Bolognesi C, et al. Recommendations and quality criteria
for micronucleus studies with humans. Mutat Res Rev Mutat Res. 2022;789:108410.
https://doi.org/10.1016/j.mrrev.2021.108410

26 26. Thomas P, Holland N, Bolognesi C, KirschVolders M, Bonassi S, Zeiger E, Knasmueller S, Fenech M. Buccal
micronucleus cytome assay. Nature protocols. 2009 Jun;4(6):825.



CAPITULO 4

52



Archives of Toxicology
https://doi.org/10.1007/s00204-023-03487-3

Archives of Toxicology
https://doi.org/10.1007/500204-023-03487-3

LETTER TO THE EDITOR, NEWS AND VIEWS

Check foe
wpdites

The importance of cytological studies in the oral epithelium
from people submitted to HIV-pre-exposure prophylaxis (PrEP)

Maria Esther Suarez Alpire’ - Daniel Araki Ribeiro’

Received: 8 January 2023 / Accepted: 16 March 2023

© The Authorl(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

We read the recent paper published in the Oral Surgery Oral
Medicine Oral Pathology Oral Radiology titled “Inflamma-
tory cytological alterations in the oral epithelium associated
with HIV pre-exposure prophylaxis: a preliminary study™ by
Baggio et al. (2021) with much enthusiasm. In this study,
the authors have demonstrated increased number of kary-
omegaly in oral exfoliated cells from people submitted to
HIV-pre-exposure prophylaxis (PrEP). In addition, no sig-
nificant differences were noticed to other cellular alterations
evaluated in this study. However, we are able to present some
issues for better understanding of the manuscript.

In the study, it was mentioned that “The entire slide was
analyzed to determine the percentage of cells with the fol-
lowing alterations: karyomegaly, bi- or multinucleation,
karyopyknosis. karyorrhexis, perinuclear halo formation,
metachromasia, cytoplasmic vacuolization, indistinct cyto-
plasmic border. keratinization, and atrophy.” “To assess the
presence of each inflammatory cell alteration and for fur-
ther statistical analysis, the following scores were used: 1.
Absent. 2. Rare: The alteration was detected in <25% of the
cells. 3. Discrete: The alteration was detected in 25-50%
of the cells. 4. Moderate: The alteration was detected in
50-75% of the cells. 5. Severe: The alteration was detected
in 75-100% of the cells.” First. how many cells were evalu-
ated per volunteer? This was not described in the manuscript.
Unquestionably. the total number of cells evaluated per indi-
vidual significantly interferes with the quality of the data.
Second, what were the criteria for identifying these altera-
tions in the setting? This information must be presented in
the manuscript since some doubts have been raised regarding
data presented in the Table 1. Particularly, karyopyknosis

1 Daniel Araki Ribeiro
daribeiro@unifesp.br

and karyorrhexis pointed out zero values either before or
after HIV-pre-exposure prophylaxis (PrEP). How can this be
explained from a biological perspective if these metanuclear
changes correspond to the normal process of oral epithelial
differentiation? Moreover, what does it mean cell atrophy?
This needs further clarification.

Finally, the authors showed an increased number of kary-
omegaly in the group exposed to HIV-pre-exposure prophy-
laxis. However, a total of 11 volunteers (~47%) were smok-
ers. There is a consensus that cigarette smoking causes cell
death, especially in chronic smokers as indicative of metanu-
clear changes induced in oral mucosa cells (Pereira da Silva
etal. 2015) This depends on the nicotine yield of cigarettes
(Nersesyan et al. 2011). In this sense, the authors should
present the data for smokers and non-smokers separately for
both groups (before and after HIV-pre-exposure prophylaxis
[PrEP]), since it is an important confounding factor for bio-
monitoring studies in oral exfoliated cells.

We believe that these comments be relevant and neces-
sary for better understanding the important article for bio-
monitoring people submitted to HIV-pre-exposure prophy-
laxis (PrEP).
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5.1 CONCLUSAO

A partir dos resultados encontrados, nosso estudo sugere que a TARV esta relacionada
aos parametros alterados de mutagenicidade e citotoxicidade, diante da presenca ativa ou nao
do virus. O alerta em relag@o a possiveis danos genéticos para usudrios da TARV, e mais estudos
para identificar genotoxicidade, sdo relevantes para garantir qualidade de vida, principalmente

a longo prazo e especialmente aqueles que podem optar por seu uso.
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